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,QWURGXFWLRQ
6LQFH WKH KHDY\ZDOO SHWUROHXP SUHVVXUH YHVVHO DUH RSHUDWHG DW KLJK WHPSHUDWXUH DQG KLJK SUHVVXUH K\GURJHQ
VHUYLFH LQWHUQDO K\GURJHQ HPEULWWOHPHQW ,+( DQG K\GURJHQ JDV HQYLURQPHQW +(( LV QHFHVVDU\ IRU WKH
SUHVVXUHYHVVHO¶VRSHUDWLQJSURFHGXUHDQGVWDUWXSVKXWGRZQPDQDJHPHQW,QJHQHUDO,+(DQG+((PHFKDQLVP
RIVWHHOVDQGPHWDOVKDVEHHQUHSRUWHGDVIROORZV>@,+(LVWKHSKHQRPHQRQZKLFKWKHHPEULWWOHPHQWZLOOUHFRYHU
E\GHK\GURJHQDWLRQ,W LVFRQVLGHUHGWKDW WKHHPEULWWOHPHQWKDSSHQHGE\K\GURJHQDWRPVDEVRUEHGLQWHUQDOPHWDO
7KHSKHQRPHQRQ VXFKDV DGHOD\HG IUDFWXUHRI DKLJK WHQVLOH VWUHQJWKEROW D FROGFUDFNLQJRIZHOGPHWDO DQGD
ZKLWHVSRWDUHNQRZQIRUPDQ\\HDUV,WLVZHOONQRZQDVHPEULWWOHPHQWRIWKHSHWUROHXPSUHVVXUHYHVVHOVRSHUDWHG
LQ D KLJK WHPSHUDWXUH KLJKSUHVVXUH K\GURJHQ HQYLURQPHQW DQG LW RFFXUV LQ DURXQG URRP WHPSHUDWXUH DIWHU VKXW
GRZQ2QWKHRWKHUKDQG+((LVWKHHPEULWWOHPHQWE\WKHK\GURJHQDEVRUEHGIURPWKHJDVE\PHWDOGHIRUPDWLRQ
DQG LW LV WKH FKDUDFWHULVWLF SKHQRPHQRQ LQ KLJK SUHVVXUH K\GURJHQ JDV HQYLURQPHQW 7KH DFFLGHQW ZKLFK ZLOO
SURGXFHDFUDFNLQ1$6$WKHILUVWKDOIRIWKHVRQWKHWDQNIRUKLJKSUHVVXUHVWRUDJHPDGHIURP1L0DU
DJLQJVWHHO ,IVWUHVV LVDSSOLHG WRVWHHODQGSODVWLFGHIRUPDWLRQRFFXUV WKHQHZO\IRUPHGXQR[LGL]HGVWHHOVXUIDFH
ZKLFKZDVQRWLQFRQWDFWZLWKHQYLURQPHQWZLOOEHH[SRVHGDQGK\GURJHQJDVDGVRUEVDQGLQYDGHVLQWRWKHVWHHO,W
LV FRQVLGHUHG WKDW WKH GLVORFDWLRQPDNHV FRQWDFW DQG GLVVRFLDWLRQZLWK K\GURJHQ HDV\+(( LV UHODWHGZLWK WKH
GLVORFDWLRQPRELOLW\>@
,+(RI9VWHHOLVJHQHUDOO\UHFRJQL]HGE\SUHYLRXVVWXGLHV>@WKDW.,+YDOXHVDUHVWULNLQJO\GHFUHDVHGE\
K\GURJHQFKDUJH+RZHYHULWKDVQRWEHHQH[DPLQHGWKDWWKHHIIHFWRI+((RQ.,+RI9VWHHOHVSHFLDOO\ZHOG
PHWDO,WZDVUHFRJQL]HGWKDWK\GURJHQZRXOGDFFXPXODWHDWDQLQWHUQDOGHIHFWOLNHZHOGHGVWUXFWXUDOGLVFRQWLQXLWLHV
RISUHVVXUHYHVVHOGXULQJVKXWGRZQ7KXVLW LV LPSRUWDQWWRFRQILUPK\GURJHQHPEULWWOHPHQWSKHQRPHQRQRI9
ZHOG PHWDO LQ RUGHU WR GHWHUPLQH PLQLPXP SUHVVXUL]DWLRQ WHPSHUDWXUH 037 RI K\GURSURFHVVLQJ UHDFWRU
$FFRUGLQJO\WKHSXUSRVHRIWKLVUHVHDUFKLVWRLGHQWLI\DQGXQGHUVWDQGWKHHIIHFWRIK\GURJHQJDVHQYLURQPHQWRQ
WKHHPEULWWOHPHQWRIWKH9VWHHOZHOGPHWDO
([SHULPHQWDO3URFHGXUHV
2.1. Material 
7KHFKHPLFDOFRPSRVLWLRQRIZHOGPHWDOLVVKRZQLQ7DEOH%DVHPHWDOZDVXVHG9IRUJHGVWHHODQGZHOGLQJ
SURFHVVZDV VXEPHUJHG DUFZHOGLQJ 6$: *URRYH JHRPHWU\ RI WHVW EORFN LV GHVFULEHG LQ )LJ  DQG ZHOGLQJ
FRQGLWLRQ ZDV VKRZQ EHORZ &XUUHQW $ 9ROWDJH 9 DQG 6SHHG PPPLQ $IWHU ZHOGLQJ
VDPSOHZDVWUHDWHGGHK\GURJHQKHDWWUHDWPHQW'+7RIR&IRUKUV0RUHRYHULWZDVH[DPLQHGWKDWWKHUHLV
QR KDUPIXO GHIHFW LQ WKHZHOG E\ XOWUDVRQLF WHVWLQJ 87 DQG VXUIDFH G\H SHQHWUDQW WHVWLQJ 37$IWHU WKH QRQ
GHVWUXFWLYH H[DPLQDWLRQV VDPSOH ZDV FXW LQWR FRXSRQ  DQG  7HVW FRXSRQ  ZDV FDOOHG KLJK WRXJKQHVV ZHOG
PDWHULDOZDV WUHDWHG 3:+7RI R& IRU KUV 7HVW FRXSRQ ZDV FDOOHG ORZ WRXJKQHVVZHOGZKLFK 3:+7RI
R&IRUKUVFDUULHGRXWLQRUGHUWRSUHSDUHGLIIHUHQWPDWHULDORIWRXJKQHVV
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7DEOH&KHPLFDOFRPSRVLWLRQRIZHOGPHWDOPDVV

-)DFWRU 6L0Q36[PDVV
2.2. Experimental method 
,Q RUGHU WR LQWURGXFH DLPLQJ SSPK\GURJHQ LQVLGH RI WKHZHOGPHWDO WKH K\GURJHQ FKDUJLQJ FRQGLWLRQZDV
R& 03D K\GURJHQ JDV SUHVVXUH DQG WKH H[SRVHG WLPH IRU K E\ DXWRFODYH ZDV VKRZQ LQ )LJ  7KH
VSHFLPHQVZHUHUDSLGO\WDNHQRXWIURPWKHDXWRFODYHDIWHUK\GURJHQH[SRVXUHDQGWKHQFRROHGWRZDWHUEDWK$IWHU
WKHVSHFLPHQVFRROHGWRURRPWHPSHUDWXUHULVLQJORDGWHVWDQGKROGLQJORDGWHVWZHUHFRQGXFWHG


)LJ$XWRFODYHIRUK\GURJHQFKDUJLQJ
7DEOH5LVLQJORDGWHVWFRQGLWLRQ


.,+YDOXHRI HDFK VSHFLPHQZDV HYDOXDWHGE\ ULVLQJ ORDG WHVW 6SHFLPHQ W\SHRI ULVLQJ ORDG WHVWZDV 7&7
$670(GHVFULEHGLQ)LJ6FKHPDWLFLOOXVWUDWLRQRIVSHFLPHQORFDWLRQZDVVKRZQLQ)LJ1RWFKORFDWLRQ
ZDVZHOGFHQWHUIRUKLJKWRXJKQHVVZHOGPDWHULDODQGTXDUWHUZLGWKRIZHOGPHWDOIRUORZWRXJKQHVVZHOGPHWDO
7KHWHVWFRQGLWLRQZDVVKRZQLQ7DEOHZKLFKWHVWWHPSHUDWXUHZDVURRPWHPSHUDWXUH57DQGR&K\GURJHQ
FKDUJHZDVFDUULHGRXWDLPLQJK\GURJHQFRQWHQWSSPDQGWHVWHQYLURQPHQWZDVDLUDQG03DK\GURJHQ*DV7KH
WHVWZDVFRQGXFWHGDWDUDWHRIPPPLQ. h03DĜPVZKLFKZDVPLQLPXPOLPLWRIPDFKLQH$IWHU
ULVLQJORDGWHVWVSHFLPHQZDVRSHQHGLQOLT1DQGIUDFWXUHVXUIDFHZDVREVHUYHGE\VFDQQLQJHOHFWURQPLFURVFRSH
6(0LQRUGHUWRFRQILUPVWUHWFK]RQH+\GURJHQFRQWHQWZDVPHDVXUHGXVLQJDQRWKHUPHDVXUHPHQWSLHFHDIWHUWKH
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'HYLDWLRQSRLQWZDVGHWHUPLQHGE\GLIIHUHQFH LQ ORDG OLQHGLVSODFHPHQWPHWKRGDV VKRZQ LQ)LJ'HYLDWLRQ
SRLQWLVWKDWWKHGLIIHUHQFHLQORDGOLQHGLVSODFHPHQWEHJLQVWRULVHXS,QRUGHUWRFKHFNZKHWKHUFUDFNJURZWKRFFXUV
DW.,+ORDGKROGLQJORDGWHVWZDVFDUULHGRXWDW57LQ03DJDVHRXVK\GURJHQ7KHVSHFLPHQZDVFKDUJHGDLPLQJ
SSPK\GURJHQ+ROGLQJORDGHTXLYDOHQWWR.,+LVREWDLQHGE\ULVLQJORDGWHVW,QWKHFDVHRIKLJKWRXJKQHVVZHOG
PDWHULDOKROGLQJORDGZDVN1,QWKHFDVHRIORZWRXJKQHVVZHOGPDWHULDOLWZDVN1+ROGLQJWLPHZDV
GD\V/RDGZDVDSSOLHGDWUDWHRIPPPLQWRDLPLQJORDGDQGWKHQLWZDVNHSWFRQVWDQW$IWHUWKHWHVWVSHFLPHQ
ZDVRSHQHGLQOLT1DQGIUDFWXUHVXUIDFHZDVREVHUYHGE\6(0LQRUGHUWRFRQILUPWKHDUHDRISURSDJDWHGFUDFN
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)LJ'HWHUPLQDWLRQH[DPSOHRIGHYLDWLRQSRLQW
5HVXOWV
3.1. Mechanical properties of high and low toughness weld metal 
7DEOH7HQVLOHWHVWUHVXOWVRIZHOGPHWDO
<LHOG6WUHVV 7HQVLOH6WUHQJWK (ORQJDWLRQ 5HGRI$UHD
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03D  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7HQVLOHWHVWUHVXOWVRIKLJKDQGORZWRXJKQHVVZHOGPHWDOVDUHVKRZQLQ7DEOH7HQVLOHVWUHQJWKDQG\LHOGVWUHVV
RI ORZWRXJKQHVVZHOGPHWDOZDVKLJKHU WKDQWKDWRIKLJKWRXJKQHVVZHOGPHWDO$GGLWLRQDOO\ WHQVLOHSURSHUW\RI
KLJK WRXJKQHVVZHOGPHWDO WKDWZDV WUHDWHGXVXDOO\3:+7R&IRUKUVVDWLVILHG WKHVSHFRI$60(6$
)9ZKLFK LV IRUEDVHPHWDO&KDUS\ WUDQVLWLRQFXUYHRIKLJKDQG ORZWRXJKQHVVZHOGPHWDO LVVKRZQLQ)LJ
)UDFWXUHDSSHDUDQFHWUDQVLWLRQWHPSHUDWXUH)$77ZDVR&IRUKLJKWRXJKQHVVZHOGPHWDODQGLWZDVR&IRU
ORZWRXJKQHVVZHOGPHWDO0RUHRYHUFKDUS\LPSDFWVSHFLPHQVZHUHREWDLQHGDWFHQWHUDQGTXDUWHUZLGWKRIZHOG
PHWDOLQRUGHUWRLQYHVWLJDWHWKHHIIHFWRIQRWFKORFDWLRQ,WGRHVQ¶WKDYHDQHIIHFWRQWKHWRXJKQHVVDWR&IRUKLJK
WRXJKQHVVZHOGPHWDOEXWWKHWRXJKQHVVRITXDUWHUZLGWKRIZHOGPHWDOGHFUHDVHGFRPSDUHGZLWKWKHFHQWHURIZHOG
PHWDOIRUORZWRXJKQHVVZHOGPHWDO)URPWKHVHUHVXOWVR&IRUKUVDQGFHQWHURIZHOGPHWDOZHUHGHWHUPLQHG
DV3:+7FRQGLWLRQDQGQRWFKORFDWLRQIRUKLJKWRXJKQHVVZHOGPHWDO2QWKHRWKHUKDQGR&IRUKUVDQGRQH
TXDUWHUZLGWKRIZHOGPHWDOZHUHGHWHUPLQHGDV3:+7FRQGLWLRQDQGQRWFKORFDWLRQIRUORZWRXJKQHVVZHOGPHWDO
WRFODULI\WKHLQIOXHQFHRIPDWHULDOWRXJKQHVVRQWKH.,+
3.2. Rising load test results of high toughness weld metal 
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
 D E
)LJ5LVLQJORDGWHVWUHVXOWVRI731R+1$DQG731R++*DDW57EDWR&
,QWKLVWHVWVWDQGDUGFRQGLWLRQWKDWZDVQRQHK\GURJHQFKDUJHDQGDLUHQYLURQPHQWZDVXVHGRQHVSHFLPHQEXW
RWKHUFRQGLWLRQVZHUHXVHGWZRVSHFLPHQV11LQRUGHUWRFRQILUPUHSHDWDELOLW\RIWKHWHVW)LJVKRZV/RDG
'LIIHUHQFH LQ ORDG OLQH GLVSODFHPHQW DQG &URVVKHDG GLVSODFHPHQW FXUYHV / '& FXUYH RI +1$ DQG ++$
FRQGLWLRQDW57 DQGR&+\GURJHQFRQWHQW DIWHU ULVLQJ ORDG WHVWRI++$ZDVDOVR VKRZQ LQ WKH ILJXUH$V
VKRZQLQWKHILJXUHVWKHUHLVQRGHYLDWLRQSRLQWLQ++$EHFDXVHFXUYHRIGLIIHUHQFHLQORDGOLQHGLVSODFHPHQWZDV
QRWULVHXSLQWKHVHFRQGLWLRQV)LJVKRZV/'&FXUYHRI+1$DQG+1*FRQGLWLRQ,WLVFOHDUWKDWGHYLDWLRQ
SRLQWZDVREVHUYHGLQ+1*VSHFLPHQV.,+YDOXHDW57 WKDWZDVFDOFXODWHGE\ORDGRIGHYLDWLRQSRLQWZDV
03DĜPDQGEHVLGHV.,+YDOXHDWR&ZDV03DĜP7KXVLWZDVFOHDUWKDWK\GURJHQHQYLURQPHQWKDGHIIHFW
RQK\GURJHQHPEULWWOHPHQWDWERWKRIWHVWWHPSHUDWXUH)LJVKRZV/'&FXUYHRI+1$DQG++*FRQGLWLRQ
7KHVHDUHLQGLFDWLYHRIHIIHFWRIK\GURJHQFKDUJHDQGWHVWHQYLURQPHQW7KLVILJXUHVKRZVWKHUHLVGHYLDWLRQSRLQW
IRUERWKVSHFLPHQV.,+YDOXHDW57WKDWZDVFDOFXODWHGE\ORDGRIGHYLDWLRQSRLQWZDV03DĜPDQG.,+YDOXH
DWR&ZDV03DĜP)URPWKHVHUHVXOWV.,+YDOXHPLJKWEHLQVHQVLWLYHWRGLVVROYHGK\GURJHQXQGHUK\GURJHQ
JDVHQYLURQPHQW
)LJXUHV   VKRZV IUDFWXUH DSSHDUDQFH RI HDFK FRQGLWLRQ DIWHU ULVLQJ ORDG WHVW 6WUHWFK ]RQHZDV SUHFLVHO\
REVHUYHG DQGSURSDJDWHG FUDFNZDVGXFWLOH IUDFWXUH LQ+1$DQG++$FRQGLWLRQ+RZHYHU D ORW RI VXEFUDFN
RFFXUUHGLQSURSDJDWHGFUDFNRI++$FRQGLWLRQ6WUHWFK]RQHVRI+1*DQG++*ZHUHVOLJKWO\REVHUYHGEXW
WKHZLGWKZDVOHVV WKDQWKDWRI+1$FRQGLWLRQDQGDOVRTXDVLFOHDYDJHDSSHDUDQFHZDVREVHUYHGLQSURSDJDWHG
FUDFNE\K\GURJHQJDVHQYLURQPHQW+RZHYHUVWUHWFK]RQHZLGWKZDVLQFUHDVHGDWR&LQFRPSDULVRQZLWKWKDWDW
570RUHRYHUSURSDJDWHGFUDFNPRUSKRORJ\ZDVFKDQJHGWRGXFWLOHIUDFWXUHDWR&HYHQLI WHVWFRQGLWLRQZDV
XQGHU K\GURJHQ JDV HQYLURQPHQW2Q WKH RWKHU KDQG GLIIHUHQW EHWZHHQ+1* DQG++*ZHUH QRW FRQILUP LQ
IUDFWXUHVXUIDFH











3UH&3UH&UDFN6=6WUHWFK=RQH3&3URSDJDWHG&UDFN')'XFWLOH)UDFWXUH4)4XDVLFOHDYHJH)UDFWXUH
)LJ6(0LPDJHRIIUDFWXUHVXUIDFHRIHDFKFRQGLWLRQDW57D+1$E++$F+1*G++*
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








3UH&3UH&UDFN6=6WUHWFK=RQH3&3URSDJDWHG&UDFN')'XFWLOH)UDFWXUH4)4XDVLFOHDYHJH)UDFWXUH
)LJ6(0LPDJHRIIUDFWXUHVXUIDFHRIHDFKFRQGLWLRQDWR&D+1$E++$F+1*G++*
.,+YDOXHVRIKLJKWRXJKQHVVZHOGPHWDOZHUHREWDLQHGULVLQJORDGWHVWZHUHVXPPDUL]HGLQ7DEOHDQG%DVHG
RQWKHVHUHVXOWVLWLVHYLGHQWWKDWWKHHIIHFWRIGLVVROYHGK\GURJHQRQK\GURJHQHPEULWWOHPHQWZDVDOLWWOHZKHUHDV
K\GURJHQ JDV HQYLURQPHQW DFWV DV WKH HPEULWWOHPHQW IDFWRU LQ WKLV FRQGLWLRQ 7KHUHIRUH .,+ YDOXHV DW ERWK
WHPSHUDWXUHV ZHUH DOPRVW VDPH EXW SURSDJDWHG FUDFN PRUSKRORJ\ ZDV FKDQJHG IURP TXDVLFOHDYDJH WR GXFWLOH
IUDFWXUHEHFDXVHRIWHVWWHPSHUDWXUH
7DEOH5LVLQJORDGWHVWUHVXOWVRIKLJKWRXJKQHVVZHOGPHWDODW57

6=6WUHWFK=RQH')'XFWLOH)UDFWXUH4)4XDVLFOHDYHJH)UDFWXUH

7DEOH5LVLQJORDGWHVWUHVXOWVRIKLJKWRXJKQHVVZHOGPHWDODWR&

6=6WUHWFK=RQH')'XFWLOH)UDFWXUH
Pre C.㻌 S.Z.㻌 P.C. (D.F.) Pre C.㻌 S.Z.㻌 P.C. (D.F.) Pre C.㻌 S.Z. P.C. (D.F.) Pre C.㻌 S.Z.㻌 P.C. (D.F.)
­P ­P ­P­P
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3.3. Rising load test results of low toughness weld metal 
7DEOH5LVLQJORDGWHVWUHVXOWVRIORZWRXJKQHVVZHOGPHWDODW57

6=6WUHWFK=RQH')'XFWLOH)UDFWXUH4)4XDVLFOHDYHJH)UDFWXUH

7DEOH5LVLQJORDGWHVWUHVXOWVRIORZWRXJKQHVVZHOGPHWDODWR&

6=6WUHWFK=RQH')'XFWLOH)UDFWXUH













3UH&3UH&UDFN6=6WUHWFK=RQH3&3URSDJDWHG&UDFN')'XFWLOH)UDFWXUH4)4XDVLFOHDYHJH)UDFWXUH
)LJ6(0LPDJHRIIUDFWXUHVXUIDFHRI/+*DDW57EDWR&
/RZ WRXJKQHVVZHOGPHWDOZDVDOVR WKDW VWDQGDUGFRQGLWLRQZDVXVHGRQHVSHFLPHQEXWRWKHUFRQGLWLRQVZHUH
XVHGWZRVSHFLPHQV11LQRUGHUWRFRQILUPUHSHDWDELOLW\RIWKHWHVW.,+YDOXHVRIORZWRXJKQHVVZHOGPHWDO
ZHUHVXPPDUL]HGLQ7DEOHDQG7KHUHVXOWVKDGDOPRVWVDPHWHQGHQF\RIWKDWRIKLJKWRXJKQHVVZHOGPHWDO,Q
­P ­P
Pre C.㻌S.Z. P.C. (Q.F.) Pre C. S.Z. P.C. (D.F.)
­P­P
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WKHFDVHRI/+*FRQGLWLRQ.,+YDOXHVZHUH UHPDUNDEO\GHFUHDVHGDQGTXDVLFOHDYDJHZDVREVHUYHG LQ IUDFWXUH
VXUIDFHDVVKRZQLQ)LJ+RZHYHU.,+YDOXHLQFUHDVHGDQGDOVRIUDFWXUHPRUSKRORJ\ZDVFKDQJHGIURPTXDVL
FOHDYDJHWRGXFWLOHIUDFWXUHGXHWRLQFUHDVHWHVWWHPSHUDWXUHEHFDXVHRIWHVWWHPSHUDWXUH,WLVHYLGHQWWKDWWKHHIIHFW
RI GLVVROYHG K\GURJHQ RQ K\GURJHQ HPEULWWOHPHQW ZDV D OLWWOH ZKHUHDV K\GURJHQ JDV HQYLURQPHQW DFWV DV WKH
HPEULWWOHPHQWIDFWRULQWKLVFRQGLWLRQ+RZHYHUWKHHIIHFWPLJKWEHGHFUHDVHGGXHWRLQFUHDVLQJPHWDOWHPSHUDWXUH
)XUWKHUPRUHWKHGHWDLORIGLIIHUHQFHEHWZHHQKLJKDQGORZWRXJKQHVVZHOGPHWDOLVGHVFULEHGEHORZ
3.4. Holding load test results 

)LJ+ROGLQJORDGWHVWUHVXOWVRIKLJKWRXJKQHVVZHOGPHWDODW57XQGHU03D+*DV

)LJ+ROGLQJORDGWHVWUHVXOWVRIORZWRXJKQHVVZHOGPHWDODW57XQGHU03D+*DV
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)LJXUHVKRZVKROGLQJORDGWHVWUHVXOWVRIKLJKWRXJKQHVVZHOGPHWDODQGFUDFNJURZWKOHQJWKDIWHUGD\V
)URP WKLV UHVXOW LW LV FOHDU WKDW FUDFN JURZWK RFFXUUHG DW.,+ ORDG ,Q DGGLWLRQ ORDG OLQH GLVSODFHPHQW FKDQJHG
GLVFRQWLQXRXVO\,WLVFRQVLGHUHGWKDWWKLVSKHQRPHQRQLVUHODWHGWRK\GURJHQDFFXPXODWLRQDWFUDFNWLSEXWLWQHHGV
PRUHGHWDLOH[DPLQDWLRQRIIUDFWXUHVXUIDFH)LJVKRZVKROGLQJORDGWHVWUHVXOWVRIORZWRXJKQHVVZHOGPHWDODQG
FUDFNJURZWKOHQJWKDIWHUGD\V5HVXOWRIORZWRXJKQHVVZHOGPHWDOZDVDOPRVWVDPHDVWKDWRIKLJKWRXJKQHVV
ZHOGPHWDO&UDFNJURZWKZDV FRQILUPHGDW WKLV ORDG DQG ORDG OLQHGLVSODFHPHQW FKDQJHGGLVFRQWLQXRXVO\)URP
6(0 REVHUYDWLRQ SURSDJDWHG FUDFN ZDV TXDVLFOHDYDJH DQG FUDFN JURZWK ZDV DOVR FRQILUPHG DW .,+ ORDG 7KH
GLIIHUHQFH EHWZHHQ KLJK DQG ORZ WRXJKQHVV ZHOG PHWDO LV FUDFN JURZWK OHQJWK &UDFN JURZWK OHQJWK RI ORZ
WRXJKQHVVZHOGPHWDOZDVORQJHUWKDQWKDWRIKLJKWRXJKQHVVZHOGPHWDO7KXVLWLVHVWLPDWHGWKDWORZWRXJKQHVV
ZHOGPHWDOKDGDWHQGHQF\WKDWFUDFNJURZWKRFFXUUHGHDVLO\DW.,+ORDG
'LVFXVVLRQ

)LJ5HODWLRQVKLSEHWZHHQ.,+DQGWHVWWHPSHUDWXUHXQGHU03D+JDV

)LJ)UDFWXUHWRXJKQHVVYDOXHVRIKLJKDQGORZWRXJKQHVVZHOGPHWDO
        
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)LJXUH  VKRZV UHODWLRQVKLS EHWZHHQ .,+ DQG WHVW WHPSHUDWXUH XQGHU  03D K\GURJHQ JDV FRQGLWLRQ
$GGLWLRQDOO\WHQGHQF\RI.,+YDOXHVIRUWHVWWHPSHUDWXUHLVVKRZQLQ)LJ$OWKRXJK.,+YDOXHRIKLJKWRXJKQHVV
ZHOGPHWDOZDVKLJKHUWKDQWKDWRIORZWRXJKQHVVZHOGPHWDODW57.,+YDOXHRIORZWRXJKQHVVZHOGPHWDOULVHWR
WKH VLPLODU OHYHO RI KLJK WRXJKQHVVZHOGPHWDO DW R& ,W LV DOVR WR EH QRWHG WKDWPLQLPXP.,+ YDOXH FDQ EH
HVWLPDWHG 03DĜP DW57 7KH UHDVRQZK\.,+ EHFRPH VLPLODU OHYHO EHWZHHQ KLJK DQG ORZ WRXJKQHVVZHOG
PHWDODWR&LVUHODWHGWRWRXJKQHVVDWWHVWWHPSHUDWXUH)LJVKRZVWUDQVLWLRQFXUYHRIKLJKDQGORZWRXJKQHVV
ZHOGPHWDO
2QWKHRWKHUKDQGIDVWIUDFWXUHZDVRFFXUUHGLQ ORZWRXJKQHVVZHOGPHWDODW57XQGHU03DK\GURJHQJDV
FRQGLWLRQ)LJVKRZVIUDFWXUH WRXJKQHVVYDOXH.-,&.-&RIKLJKDQG ORZWRXJKQHVVZHOGPHWDO.-,&RIKLJK
WRXJKQHVVZHOGPHWDOZDV03DĜPZKHUHDV.-&RIORZWRXJKQHVVZHOGPHWDOZDV03DĜP)URPWKHVH
UHVXOWVIUDFWXUHWRXJKQHVVYDOXH.-,&.-&YDULHGJUHDWO\EHWZHHQKLJKDQGORZWRXJKQHVVZHOGPHWDO

&RQFOXVLRQ
,QWKLVVWXG\LWZDVFOHDUWKDWWKHHIIHFWRIK\GURJHQFKDUJHDQGK\GURJHQJDVHQYLURQPHQWRQWKHHPEULWWOHPHQW
RI&U0R9VWHHOZHOGPHWDO7KHFRQFOXVLRQVDUHGHVFULEHGEHORZ
+\GURJHQJDV DIIHFWHGRQ WKH HPEULWWOHPHQW RI WKH&U0R9VWHHOZHOGPHWDO ,Q FRQWUDVW GLVVROYHG
K\GURJHQDIIHFWHGOLWWOHRQWKHHPEULWWOHPHQWRIWKHZHOGPHWDO
 'HYLDWLRQ SRLQW RI KLJK WRXJKQHVV ZHOG PHWDO ZDV DOPRVW VDPH DW 57 DQG R& XQGHU K\GURJHQ JDV
HQYLURQPHQW+RZHYHUSURSDJDWHGFUDFNPRUSKRORJ\ZDVFKDQJHGIURPTXDVLFOHDYDJHWRGXFWLOHIUDFWXUHDWR&
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